Information and communications technology (ICT) has driven productivity growth over the past two decades in the developed world, and has been a major facilitator of growth in developing countries as well.
above 10 percent, while 36 countries have rates above 5 percent. The one member of the Organization for Economic Cooperation and Development (OECD) to rank in the top 20 countries is Greece, at number 15 with 9.6 percent added ICT costs. Chile is the only other OECD country in the top 50, at 39th place with 4 percent added costs. These costs are in addition to the other sales or value-added taxes virtually all nations impose. The scholarly economic evidence is clear that higher taxes and tariffs on ICT goods and services reduce adoption. This is because the adoption of ICT depends on its price, particularly in low-income countries. We use existing estimates of elasticity of ICT demand by continent ranging between -0.2 (North America) to -1.4 (South Asia) to determine how ICT taxes and tariffs impact consumer adoption. These estimates result in substantial decreases in adoption: over 20 percent for Bangladesh, Brazil, and the Congo; between 10 percent and 20 percent for 11 more countries, including Argentina, Pakistan, Ecuador, and Turkey; and between 5 percent and 10 percent for another 18 countries.
Reduced adoption rates by consumers in turn reduce economic growth. Rough estimates point to yearly growth reductions on the order of 0.7 percentage points to 2.3 percentage points of gross domestic product per capita for countries with the highest tax and tariff rates. This is a significant drag on economic growth and the losses accrue quickly over time. Moreover, this drag on growth reduces overall government tax revenues, and simulations show that these lost revenues due to lower growth typically surpass the government revenue gains from ICT taxes and tariffs within several years.
Although this report does not attempt to quantify the impact of adoption on economic growth, a number of studies have found that higher ICT prices reduce their adoption by business and that this in turn reduces productivity and sales. Many of the same countries with high added costs on consumer ICT products have also enacted high taxes and tariffs on business-use ICT products. (Figure 2 ) Forty-six nations impose a total cost on business purchases of ICT goods and services of more than 5 percent. Among top countries, tariffs comprise a much larger percentage of total business ICT cost addition than taxes. Fully one half of the top 50 countries for ICT tax and tariff rates are from Sub-Saharan Africa, with 11 countries from Latin America and the Caribbean and the rest from other regions. These tariffs and taxes, along with other barriers, have not led to the growth of nations' "infant" ICT industries; but as the scholarly evidence shows, they do limit the adoption of ICT by businesses, including small businesses, limiting productivity growth and competitiveness. 2 Policy recommendations for reducing this fiscal drag on ICT adoption and increasing growth are simple: remove ICT-specific taxes; eliminate tariffs, including by expanding the ITA scope and number of members; and ensure that trade barriers to purchasing best-inclass ICT goods and services are eliminated.
Figure 2: Map of countries by total taxes and tariffs for business-use ICT products and services
Rather than a policy or even political issue, the barriers to removing ICT taxes and tariffs are primarily an issue of perspective. Countries need to stop seeing ICT products simply as luxury goods or reliable sources of revenue and stop viewing the ICT industry as a key "infant industry." Rather, they need to see ICT for what it really is: a powerful tool to help businesses and consumers boost productivity and improve quality of life. But they can only do that if ICT is affordable, and the simplest way for governments to achieve that goal is to stop raising prices by adding special taxes, tariffs, and trade barriers on ICT goods and services.
ICT DRIVES PROSPERITY, INNOVATION, AND QUALITY OF LIFE
Over the past 20 years, ICT has proven to be a powerful force for economic change, bringing benefits to hundreds of millions of people. ICT has both raised incomes around the world and improved quality of life. ICT increases wealth by driving productivity gains in industries across the economy, from the technology industry itself to banking to retail, and also by reducing costs for consumer activities like mailing a letter or making a phone call. ICT also raises the rate of technological change by increasing innovation, making collaboration easier and providing more resources for innovators.
ICT is a key driver of productivity because it is what economists call a "general purpose technology" (GPT), like electricity, steel, or factory systems. GPTs have historically appeared at a rate of once every half century, and they represent systems of fundamentally new technologies that change virtually everything, including: what economies produce; how they produce it; how production is organized and managed; the location of productive activity; the skills required for productive activity; the infrastructure needed to enable and support it; and the laws and regulations needed to maintain or even allow it. 3 GPTs share a variety of similar characteristics. They typically start in relatively crude form for a single purpose or very few purposes; they increase in sophistication as they diffuse throughout the economy; they engender extensive spillovers in the forms of externalities and technological complementarities; and their evolution and diffusion span decades. 4 Moreover, GPTs undergo rapid price declines and performance improvements; become pervasive and an integral part of most industries, products, and functions; and enable downstream innovations in products, processes, business models, and business organization. By any of these measures, ICT ranks well against the most transformative technological breakthroughs in human history. 5 This is why ICT is such an important enabler of better tools to drive productivity. The United States was among the first to invest in and adopt these tools and was also the first to see large productivity gains from ICT. Studies have shown that ICT was responsible for as much as two thirds of U.S. productivity growth between 1995 and 2002, and approximately one third of growth since then. 6 And it's not just the United States. In a conclusive review of over 50 scholarly studies on ICT and productivity published between 1987 and 2002, Dedrick, Gurbaxani, and Kraemer found that "at both the firm and the country level, greater investment in ICT is associated with greater productivity growth." 7 In fact, nearly all scholarly studies since the mid-1990s through to 2014 have found positive and significant effects of ICT on productivity. 8 
Industry Use and Investment in ICT
The beneficial effects of ICT on productivity have been found across different levels and sectors of economies, from firms to industries to entire economies, and in both goods-and services-producing industries. 9 Firm-level studies have also shown that "firms with high levels of ICT are more likely to grow (in terms of employment) and less likely to [go out of business]." 10 And the effect is fairly straightforward: cross-country studies through the 1990s and 2000s found that a 10 percent increase in (wired and wireless) broadband penetration increased economic growth by more than 1 percent in developed countries.
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Investment in ICT is significantly more productive than investment in other areas. Studies in the early 2000s found that investment in ICT capital increased productivity by three to eight times more than investment in non-ICT capital. 12 Likewise, Wilson finds that of all types of capital, only computers, communications equipment, and software are positively associated with multi-factor productivity. 13 Hitt and Tambe find that the spillovers from IT nearly double the impact of IT investments. 14 Rincon, Vecchi, and Venturini confirm the GPT nature of ICTs through an exhaustive industry-level study of both productivity benefits and spillovers. 15 Nearly all scholarly studies since the mid1990s have found positive and significant effects of ICT on productivity.
In recent years, as mobile and other ICTs have gained ground in developing countries, the universal impact of ICTs has become clear. In fact, ICT is now having a larger effect on growth in developing countries than in developed ones. 16 Recent country-level and international reports have examined the impact of ICTs in developing countries, from India and Malaysia to Africa and Latin America, finding productivity gains for individual businesses and industries. 17 And the effect continues as technologies improve: a 2012 report using data from 96 developed and developing countries found that transitioning from mobile voice to mobile broadband services increased economic growth significantly. 18 There are at least three reasons why ICT has stronger effects on productivity than other capital. First, ICT allows firms to pick off the "low hanging fruit" of relatively easy-toimprove efficiencies. This is particularly true in developing countries, which, for example, may not have even had a working postal service prior to widespread mobile availability. Second, ICT doesn't just automate tasks, it also has widespread complementary effects, including allowing companies to fundamentally reengineer processes. Third, IT has what economists call "network externalities," which are the "spillovers" from adding additional users to a network. 19 Simply put, increasing the user size of a network makes all current users better off. When these three factors are combined, ICT can have a big impact.
Adoption by Consumers
ICT doesn't just raise business productivity, though. A number of studies, primarily focusing on broadband, have examined the effect of ICT on the consumer side and have shown that ICT can increase individual and aggregate income as well. 20 It is not hard to imagine why: for example, ICT brings reductions in information costs to users, which can give them better access to job market information and can make their information more available to employers. ICT use also contributes to human capital, as ICT skills themselves are in demand in many jobs. Computer and Internet access has been shown to increase entrepreneurship as well. 21 The interaction between consumer and business adoption of ICT is another key piece of the puzzle. To a large extent, ICT is an important technology precisely because of the economies of scale and network effects it enables. These benefits can only be fully realized when both the supply and the demand sides engage with the technology. Mobile and Internet technology can provide important services cheaply and efficiently, and they offer a particular advantage in developing countries without existing infrastructure. And it's not just online ordering: ICT holds enormous potential for financial services, health services, educational opportunities, and many other sectors.
WHY ICT PRICES MATTER
In order for either consumers or businesses to invest in productive ICT, the price must be right. That is, the economic benefits of ICT products and services must outweigh the costs of provision in order for customers to buy and use them. More formally, we can say that the market brings the cost of providing ICT together with customer demand for it, and this market interaction determines the price and the quantity demanded. The cost of providing ICT goods and services can also be influenced by government policies, however, and when governments enact taxes and tariffs that raise the price of ICT they reduce demand for ICT.
It is worth mentioning a number of other factors aside from taxes and tariffs that contribute to the cost and demand for ICT products and services. Costs depend on existing infrastructure and exchange rates, among other factors. Government subsidies or firm cross-subsidies can also affect price. Consumer demand for ICT, on the other hand, can be constrained by literacy rates (standard or digital), or a lack of content or usefulness for potential users. 22 All of these factors vary significantly between countries and even between regions or localities within a country.
In their recent study on fixed and mobile broadband, Katz and Berry organize these disparate factors into a conceptual framework that can be applied to ICT goods and services more generally. In their framework, countries move through three stages of mobile and fixed broadband barriers: from supply barriers, to affordability barriers, to digital literacy and cultural relevance barriers. 23 Affordability is the primary concern in the middle stage because while early and late adopters are less sensitive to price, middle-stage adopters-typically the largest group-are more dependent on affordability.
Another important caveat is that ICT consumption and adoption is not a simple binary outcome. ICT covers a broad range of categories, from basic voice-only mobile phones to tablets to powerful desktop computers. If one product is not affordable, consumers may opt for a more affordable alternative, such as a voice-only plan instead of a data plan, a less powerful computer, or one cell phone per household instead of two. When cheaper alternatives lack the features, usefulness, or power of more expensive choices, this can slow the benefits of ICT just as much as forgoing digital consumption altogether.
Elasticity Basics
If affordability is not always a key factor in ICT adoption, then we need to examine when and why affordability is important. This can be done using a basic concept called price elasticity of demand, which measures the change in demand caused by a given change in price. However, the same percentage change may not always have the same percentage effect. For this reason, it is important to be careful when estimating how much price changes demand.
The price elasticity of demand measures how strongly taxes and tariffs affect ICT adoption, because it shows how consumers will change their spending on ICT when prices change. Estimates for the price elasticity of demand for ICT goods and services range from -0.2 to -3.8. In other words, a price increase (or decrease) of 1 percent leads to a decrease (or increase) in consumption by consumers of ICT goods and services of anywhere from 0.2 percent to 3.8 percent.
This range of estimates is extremely broad, but not so broad as to be meaningless. First, as expected, elasticity is negative, meaning that as price declines consumption will increase. Second, many estimates of elasticity are relatively high (i.e., higher than -2).
24 This is significant, because in theory the demand for many ICT goods and services could be relatively inelastic, or unresponsive to price, because ICT plays such an important role in 25 In such a world, where people view ICT products as absolutely essential and price elasticity is therefore low, taxation or tariffs would have a smaller effect on consumption because people would buy ICT goods and services regardless of their price.
Given that most estimates of elasticity are large, however, it appears that consumers do adjust their consumption of most types of ICT based on the price. This does not mean that ICT goods and services are not important, of course. It merely means that they are competing with many other important things in people's budgets-things such as food, housing, medical expenses. Moreover, ICT goods and services are not monolithic, especially now with the proliferation of varied services and goods (e.g., data plans for second devices, tablets and e-readers, second or third devices, etc.). Thus, even if in developed nations many people and businesses have a high level of adoption of some ICT product or service, taxes and tariffs can negatively affect consumption of other ICT products and services.
Price elasticity of demand measures whether consumers buy goods and services, but there is a related concept that is also useful when thinking about ICT taxes and tariffs. The crossprice elasticity of demand measures at what price consumers will switch between two goods. This is particularly relevant in terms of ICT goods, where relatively close substitutes are available, because it means that countries need to worry about the possibility of diverting the purchase of ICT goods from legitimate, taxed vendors to either the black market or other countries with lower taxes. If everyone in Turkey who wants a smartphone can simply buy it in say, Bulgaria, then Turkey could not only miss out on the tax revenue from smartphone sales but it could also hurt its retail industry.
Cross-price elasticity is also important because of the way consumers and businesses substitute between types or quality levels of ICT goods and services. These tradeoffs come at a cost, however: when a consumer or business substitutes a cheaper smartphone instead of a better smartphone rendered unaffordable by tax, they are compromising quality. These compromises apply up the entire chain of ICT goods, from basic voice phones to powerful workstation laptops. And they imply that ICT taxes and tariffs can keep countries in a permanent state of catch-up, as adoption of each new product lags behind countries with lower ICT prices.
Cross-price elasticity of demand should be an important concern for policymakers. For our purposes, however, the standard price elasticity of demand will suffice. For the remainder of the paper "elasticity" should be assumed to refer to price elasticity of demand. The large range for the price elasticity of demand, -0.2 to -3.8, is a clue to start looking for reasons why elasticity might vary. Several reasons for the changing importance of affordability have already been mentioned, and the following section will explore those reasons more fully in order to arrive at usable estimates.
Estimating Specific Elasticities
By diving deeper into estimates of the determinants of elasticity we can get a better idea of how taxes and tariffs affect ICT adoption, and how adoption in turn may affect economic growth. The data on ICT price elasticity is not comprehensive but it is sufficient to provide estimates so long as we account for several types of variation. ICT elasticity has been found to vary significantly with ICT penetration and use rates, which change over time and between countries. Elasticity also varies by types of ICT products and services, in particular between fixed broadband, mobile broadband, mobile voice and consumer products. Finally, we can expect ICT-using businesses to have different elasticities from consumers. 26 To date, most of the studies examining the elasticity of ICT goods have been in developed countries, with only a few recent studies examining developing countries. (Table 1) The most detailed developing-country work has been done in Latin America, with cross-country studies completed by Galperin and Ruzzier, Alleman and Rappoport, and Katz. 27 Despite the lack of robust worldwide data, we can approximate elasticities using penetration rates, as existing rates of ICT penetration strongly influence price elasticity. This technique is used by Galperin and Ruzzier and also Katz and Berry in their recent review of recent studies. 28 ( Figure 3 ) 30 Most studies of ICT price elasticities have focused on a single component of ICT, such as fixed or mobile broadband, fixed or mobile voice communications, or computer use. This report examines a basket of ICT products and services, so care is required in selecting the appropriate range of elasticities for each country. One possible issue is that the product mix may vary considerably from country to country: for example, consumers in most developed countries spend relatively equivalent amounts on telecommunications products and computers. Consumers in most developing countries, while they spend far less overall, spend much more on telecommunications products. 31 Another challenge is presented by the fact that within countries not all ICT products or services may have the same tax rates; although we account for some differences in fixed and mobile broadband and voice, all ICT goods are aggregated together and assumed to have the same tax rate.
Additionally, elasticity data for ICT products beyond mobile phones is limited. Available data for personal computers indicate that their price elasticity is approximately -2. 32 In other words, if the price of computers increases by 10 percent, sales of computers would drop by 20 percent. Unfortunately, the several existing studies have so far only covered developed countries, where computer ownership is already high. Elasticities in countries where adoption is low, particularly in Africa or South Asia, may be substantially different.
Instead of attempting to estimate separate elasticities for consumer ICT products, including computers and mobile devices, we will rely on the estimates for telecommunications services. First of all, product and service use is highly correlated: mobile telecommunications are nearly useless without voice or data services, and the use of computers, which are theoretically less dependent on the use of ICT services, is nevertheless highly correlated with broadband penetration. 33 In addition, the elasticity estimate for computer products, -2, is higher than any of the moderately conservative estimates that we use below for telecommunications services elasticity. Using only telecommunications estimates thus biases our estimates downward. ICT services themselves appear to fall within a very wide range of elasticities, although they generally vary in consistent ways. In the past 10 years in developing countries, the use of traditional phone and text message services, and even mobile broadband, has greatly surpassed fixed phone or broadband use. For example, in Africa, where the rates of mobile ownership in many countries are among the lowest in the world, the rate of Internet use on smartphones is nearly double that of computer use (with or without Internet). 34 It is therefore likely that elasticity estimates for fixed broadband are much higher than for mobile broadband and standard mobile service. We can see this in Table 1 : Alleman and Rappoport's estimate for standard mobile voice service in Latin America, which is only -0.41, and Hakim and Neaime's estimate for the Middle East and North Africa (MENA), which is only -1.0, are far lower than Katz and Berry's fixed broadband elasticity estimates for MENA, which are -1.97 and -2.55, respectively.
In order to get a better picture of overall ICT elasticity, therefore, we combine Katz and Berry's fixed broadband estimates with mobile estimates from a recent report from Deloitte and the GSM Association (GSMA). (Table 2 ) While using regional estimates is not ideal, it should suffice for the purposes of a rough estimate. The estimates we use are in Table 3 . In order to arrive at the conservative elasticity estimate, we use a weighted average of the highest and lowest elasticity estimates for each region originally found in Table 2 , weighting the lowest rate at three times the high rate. 36 Combining these average elasticity rates with the price changes caused by ICT taxes and tariffs discussed in the next section, we find a broad range of possible changes in ICT adoption: when using the most conservative estimates for elasticity, the change in quantity demanded due to taxation is as high as -52 percent (Bangladesh), although it quickly drops off to -17 percent (Brazil) and gradually declines from there. (Table 4 North America -0.5 -0.2 -0.1 Table 3 : Elasticity estimates for the combined ICT basket by region; "Mid" estimates are used in growth estimates 38 While this report does not calculate additional ICT demand or additional growth using the effect on businesses, it is still worth considering the differences between businesses and consumer elasticities. ICT-using businesses might be expected to have different elasticities from consumers for several reasons. Because of their size, businesses, particularly large firms, may have an easier time shouldering the fixed costs associated with broadband and other ICT products and services. Second, both network effects and competitive pressures can effectively make ICT a mandatory investment for firms. This is why Katz and Berry's taxonomy of small and medium-sized enterprises, which divides firms into exporters, large firm suppliers, and low-value-added industries, shows that the dividing line between adopters and non-adopters may be quite distinct and not strongly affected by price. 39 Finally, as Katz and Berry also highlight, training and assimilation is a larger barrier than cost in many sectors and countries.
However, all of this is not to say that businesses' ICT demand is not affected by ICT costs. Using data from 11 OECD countries, Cette and Lopez estimate that the elasticity of demand for ICT capital has diminished from around -2 in 1981 to slightly lower than -1 in 2005. 40 ICT capital has therefore become less elastic over time, but is still significantly responsive to price and appears to have reached a steady state. Despite the reasons listed in the previous paragraph, it is not surprising that elasticity does not fall all the way to zero. First of all, unlike with consumers, the very existence of businesses may depend on ICT costs; that is, if ICT costs are too high they may disadvantage their traded sector industries. In other words, high ICT costs may not just dissuade businesses from adopting ICT-they may prevent those businesses from existing in the first place. Second, as with consumers, the adoption of ICT is not a simple binary question. Businesses may have a computer used for accounting, or a web presence used for advertising, but they might not use ICT for other productivity-enhancing tasks. Although it varies by industry, businesses in fact have a good deal of leeway in the types of investments they make and how they organize their production. Investment decisions are made based on expected rate of return (ERR), so lower ICT costs will increase ERR and result in increased ICT investment. Recent work by ITIF has confirmed the importance of capital investments in ICT and argued for tax incentives; reducing ICT taxes and tariffs is the flip side of this argument. Businesses also require a critical mass of consumer ICT adoption before customer-facing ICT investment begins to make sense. It is of little use for a cab driver to adopt a mobile payments system if none of his customers have mobile phones. Moreover, even backend business ICT can be vastly improved by customer ICT use-for example, using a retail website that is interoperable with a backend inventory system.
Elasticity, Adoption, and Growth
The range of elasticities presented in Table 1 , 2 and 3 may seem broad, but in many ways the exact size is immaterial. As taxes and tariffs increase the costs of ICT goods and services, they slow down adoption, and they slow it down most in developing countries where affordability is paramount. This means that the countries that are behind in ICT adoption stay there, as countries with lower ICT costs maintain the lead in the adoption of each new wave of ICT products.
Within individual countries as well, the lagging adopters are those people with less resources and education, and they therefore suffer the most from extra costs. While Katz and Berry's framework focuses on a number of barriers to entry for these non-adopters, costs remain an important determinant of adoption. 43 Still, the growth effects of ICT can nevertheless be estimated on an aggregate level. Previous studies have estimated the effect of ICT penetration on growth. (Table 5 and 6) Using the above estimates of elasticity combined with these estimates of penetration on growth, we can get an idea of how taxes and tariffs affect growth. Table 5 : Evidence of the effect on growth of 10 percent additional broadband penetration 44 Middle-of-the-road estimates for the growth effects of ICT taxes and tariffs for the 20 countries with the highest added costs show that these costs may be holding growth back by a full 1 percentage point or more per year. (Table 4 These estimates are in line with some of the only work done on the subject, a 2012 report by GSMA and Deloitte that examines the effect of mobile broadband on developed and developing country growth. The report finds that a doubling of the mobile data use increases the per capita GDP growth rate by 0.5 percentage points, and that a 10 percent increase in mobile penetration in developed countries leads to a long-run increase in productivity on the order of 4.2 percentage points. 46 Unfortunately, these figures are not directly comparable since they use a more limited definition of ICT that only includes mobile use.
Growth and ICT-Using Businesses
Although there is insufficient data to attempt to quantify the growth impact of ICT through business channels, these channels are nevertheless a crucial way that ICT influences growth. Business adoption of ICT is important because ICT goods and services are core inputs for many industries. ICT taxes and trade barriers can contribute significantly to their costs, and these costs in turn can hold back international competitiveness and the participation of countries in international value chains. For example, the OECD found that countries not participating in the ITA, which therefore tend to have higher trade barriers on ICT goods, saw their participation in global ICT value chains decline by over 60 percent from 1995 to 2009. 47 Any policy that raises costs in order to protect local producers hurts the users of those products, whether they are other businesses or consumers. These intermediate costs can be a substantial drain on productivity and cause a substantial misallocation of resources.
48

COUNTRY RANKINGS
Governments around the world impose costs on ICT products and services in a variety of ways and to a range of degrees. Overall, tax and tariff data show that many countries are pursuing a smart, hands-off approach to ICT goods and services. However, other countries have tried to use taxes and tariffs to protect domestic ICT industries and/or extract revenue from ICT users, believing incorrectly that these are luxury goods akin to yachts and Rolex watches. By doing so they are holding back ICT adoption.
The primary basket of ICT goods used in this report consists of taxes and tariffs on ICT goods and services, including: wired broadband; wireless phone services of all types, including broadband and standard voice service; and core ICT products, including basic mobile phones, smartphones, computers, and other digital products such as digital cameras and digital audio devices. See methodology appendix for additional information.
In the 20 
Tax and Tariff Rates on Consumers
The extra costs that governments impose can be expressed most clearly as a percentage increase in the cost of a good or service. Figure 4 shows the cost increase as a proportion of total ICT cost for 125 countries. The worst offender by a large margin is Bangladesh, which adds an astounding 57.8 percent to the cost of ICT goods and services over and above the country's universal 15 percent value-added tax (VAT). In second and third place are Turkey and the Congo, which add 26.1 percent and 23.8 percent, respectively, to the price of their ICT goods and services in addition to their 18 percent standard VATs. Gabon and Brazil, in fourth and fifth place, add just under 17 percent to the price of their ICT goods, Gabon primarily through taxes and Brazil primarily through tariffs.
Bangladesh's high level of ICT taxes and tariffs essentially puts the country in a league of its own, with Turkey, Congo, and other high taxers following some distance behind. But there are many more countries that also impose significant costs. Twenty-eight countries have combined ICT tax and tariff rates between 5 percent and 20 percent, including Brazil, Argentina, Iran, Sri Lanka, Greece, and a large number of African nations. Another 40 countries have smaller tax and tariff rates between 1 percent and 5 percent.
Not all countries add costs in the same way, as can be seen in the different contributions of taxes and tariffs to the total cost in Figure 4 . There are some patterns of note. For the countries with combined ICT tax and tariff rates above 5 percent, ICT taxes make up 63 percent of the aggregate added costs to ICT (the other 37 percent consisting of ICT tariffs). But for countries with aggregate rates between 1 percent and 5 percent, ICT taxes make up just 18 percent of the total. ICT tariffs thus appear to be a more widespread tool, in use in more countries, while ICT taxes are in fewer countries but make a much larger contribution. Also of note: countries that are members of the ITA, an international treaty establishing free trade in ICT goods, have significantly lower ICT tariff rates, averaging only 0.6 percent, compared to 3.3 percent for non-ITA countries. The size and type of ICT costs exhibit a number of interesting patterns across regions and income levels as well. Figure 5 shows specific ICT tax and tariff rates by region using unweighted averages. Most notably, Southeast Asia stands out as having by far the highest average rate. This is due both to Bangladesh's high rates and the relatively small number of countries in the region, although Pakistan and Sri Lanka have high rates as well. Taxes make up a substantial majority of the added costs, although the region's tariff rate is still higher than any other region. Sub-Saharan Africa is the region with the second-highest rates, with a more even split between taxes and tariffs, followed by Latin America and the Figure 6 shows that ICT tax and tariff rates vary significantly by country income level, generally decreasing as country income increases. While lower-income countries have more than double the tax rates on ICT as compared to the middle-income countries, tariffs remain between 2 percent and 3 percent for all non-high-income countries. 54 The fact that tariffs do not rise proportionately with taxes in the lowest-income group may be the result of more international pressure on lowering tariffs than on lowering specific taxes; countries risk retaliatory action for raising tariffs and may therefore have more to lose from hightariff policies than from raising taxes. It may also be the case that most of these nations have bought into the myth that high tariffs on ICT goods create a strong domestic ICT goods production sector. 55 At any rate, both OECD and non-OECD high-income countries have substantially lower taxes and tariffs than the lower-income groups, in part because of their generally stronger commitment to free trade. It is also worth examining the total tax and tariff burden inclusive of standard VAT and other sales tax rates. While a high standard VAT or sales tax rate can discourage consumption, it is of less concern here than the ICT-specific taxes and tariffs. This is because VAT rates are (nearly) universal and therefore do not bias consumption expenditures one way or another. VAT revenues also fit into a larger fiscal policy framework: a country may have a small VAT but a large income tax, but consumers there might have exactly the same amount to spend on consumption as they do in a country with a large VAT and a small income tax, although the after-tax income distribution can be different.
For the sake of completion, however, Figure 7 shows the total rate of taxation on ICT goods and services, including VAT and other universal sales taxes, special excise taxes on ICT goods and services, and tariffs on ICT goods. While the outliers on the top end look similar to Figure 4 , the most notable difference is the large group of countries with cost additions between 20 percent and 25 percent. This is primarily due to the large number of European countries with high VAT rates. Another notable difference is the very short taper at the bottom of the graph, with only a few countries taxing below 0 percent and 10 percent. Universal sales and VAT taxes are of course much more common than special excise taxes, and thus there are fewer countries with negligible overall tax rates.
Tax and Tariff Rates on Business Purchases of ICT Goods and Services
Businesses face a different set of government-imposed ICT costs from those consumers face. This is because businesses do not face standard VAT taxes and consume a different basket of ICT goods. ICT-specific consumption taxes may still apply, and tariffs do as well. For our average tax rate we use the consumer rates found in Figure 4 , though reweighted slightly to reflect our assumption that businesses spend a higher percentage on products relative to services than consumers do. To construct the average tariff rates we use a business-specific basket of ICT goods, including ICT components such as circuit boards, office-and production-specific ICT products such as photocopiers, and dual consumer/business use ICT products like mobile phones and computers. Figure 8 shows the average ICT tax and tariff rates for businesses. Forty-six nations impose an added cost on business purchases of ICT goods and services of higher than 5 percent. 57 While many of the top countries with the highest consumer taxes and tariffs make a return here, there are several differences. The most notable difference of this figure relative to Figure 4 is the larger role of tariffs: among top countries, tariffs comprise a much larger percentage of total business ICT costs than taxes do. Four countries make it into the top 20 by virtue of their tariffs alone, and only 12 countries in the top 50 have higher tax rates than tariff rates.
As could be expected from the regional analysis of consumer taxes and tariffs, there are distinct regional patterns on taxes and tariffs for business-use ICT as well. Fully one half of the top 50 countries for ICT tax and tariff rates are from Sub-Saharan Africa, with 11 countries from Latin America and the Caribbean and the rest from other regions. The only country with a top business tax rate that has signed on to the ITA is Turkey, where additional business costs are composed almost entirely of taxes. country near the top is the Dominican Republic, in 15th place with 9 percent tariffs and 13 percent total costs. The Dominican Republic recently acceded to the agreement, however, so presumably its tariff rates should fall in the near future. By comparing the costs added to ICT as a percent of GNI per capita, we can get a better idea of the costs that different countries are adding to the price of ICT goods relative to the average income in a country. This shows how much the government is raising prices as a percentage of a consumer's income. For example, in a developing country the cost of a cell phone may comprise a larger percentage of an individual's income than it might in a developed country, and therefore a tax on that income may also represent a much larger impact on the individual's budget.
The rankings in Figure 9 , then, differ from Figure 4 in that they are adjusted by the amount of their income that consumers actually pay on ICT goods. (Note also that data was available for fewer countries for Figure 9 , and many of the worst offenders from Figure  4 would likely be near the top here as well.) Nigeria, Ecuador, Turkey, Brazil, and Argentina have the highest price increases due to ICT taxes and tariffs. These countries are adding very large amounts to the price of ICT goods and services; in Nigeria's case they are raising the cost of the phone by nearly 1.5 percent of GNI per capita above the base value. In the United States this would be the equivalent of adding $704 to the cost of the typical basket of ICT goods and services. 60 These added costs appear to have a real impact on adoption. Basic regression analysis reveals that the price of ICT-specific taxes and tariffs as a percentage of income is significantly correlated with both standard voice cell phone service usage and computer usage per capita, even after controlling for GNI per capita. 61 There does not appear to be a correlation between these costs and wired or wireless broadband usage, however, perhaps because other factors such as GNI per capita play a much larger role. 62 
Expenditure Increases for Consumers
The basic tax and tariff rates can also be adjusted by the total expenditure on ICT per capita. This reveals the amount that the average person spends on ICT taxes and tariffs, or from another perspective, the total effective tax burden on individuals due to ICT taxes and tariffs. This differs from the average price increase per capita because not everyone consumes the same amount of ICT goods; if everyone did, then expenditure and price baskets would in theory be the same.
Turkey has the highest rates of tax burden due to ICT of all the countries for which data exists by a significant margin. (Figure 10 ) Turkey's per capita expenditure rate for taxes and tariffs is similar to its price per capita, due to its particular mix of use rates and expenditure patterns, while other countries spend significantly less per capita due to their lower use rates. A number of South American countries also rank highly here, including Ecuador, Argentina, Brazil, Venezuela, Columbia and Chile. There are no African countries near the top here for two reasons. First, because African countries are generally quite poor, their actual expenditures on ICT goods and services, and thus the ITC taxes and tariffs they collect on those goods and services, are quite low on a per capita basis. This is why Nigeria moves quite far down from first place. Second, there are far fewer African countries for which data is available. 
WHY ICT TAXES AND TARIFFS ARE TEMPTING POLICY
Why have so many countries established discriminatory taxes and tariffs on ICT goods and services when such policies so clearly hurt growth? The different types of taxation and tariff policies listed above have different rationales that spring from a variety of different goals or ways of thinking about taxation and ICT.
Revenue gains from ICT taxes and tariffs are often cancelled out over time because increased ICT costs directly reduce the amount of ICT goods and services sold, which in turn decreases economic growth and thereby total tax revenue. To begin with, many ICT goods and services are relatively easy to tax. Particularly in developing countries, taxation can be less a question of "what to tax" or "how much to tax it" and more a question of where the government can reliably collect tax revenue. Telecom companies keep extensive real-time, digital records of their services. This means that ICT services such as fixed and mobile broadband, as well as voice, are at the very least available targets for governments in search of funds. 
Extra taxes Tariffs
Another reason that taxing ICT goods and services can be tempting is the apparent luxury nature of the goods. ICT goods and services typically start out expensive, and early adopters are usually those who can most easily afford them. Thus it may initially appear that taxing smartphones, for example, is a progressive luxury tax, paid by the urban rich who can easily afford it. However, as prices quickly drop and smartphones or other ICT goods are adopted by a larger share of consumers, these taxes become more and more regressive. And more importantly, such taxes and tariffs slow adoption.
ICT goods and services are also high-growth areas, and the high rates of growth may hide the effects of taxes and tariffs on consumption. For goods in relatively saturated markets, for example alcohol, the reduction in consumption due to taxation may be quite easy to measure. In contrast, a tax that slows down the growth rate of smartphone sales by 1 percent per year when sales are growing at 8 percent per year may simply go unnoticed. Slowing down adoption in this way, however, does add up in growth effects on the macroeconomic level over time. And of course the marginal consumers or businessesthose that miss out on new goods because of the added tax-are the most likely to be poor or small.
On a related note, ICT taxes and tariffs are also relatively easy to implement because they do little to upset the status quo. That is, when ICT goods and services are newly introduced into a country, without large customer bases or industry backing, there are fewer people who will notice the taxes. People are less likely to notice the future costs that taxes and tariffs will bring. After an industry is established in a country and has an established customer base, such interests may work hard to oppose new taxes. As a relatively new industry, ICT goods and services can be easy targets.
Since ICT use is such a robust driver of economic growth, however, the net revenue benefits from taxing ICT goods and services are usually short lived. Recent studies have indicated that gains from such taxes are often cancelled out over time because increased ICT costs directly reduce the amount of ICT goods and services sold, which in turn decreases economic growth and thereby total tax revenue. Indeed, after several years the initial tax gains can be entirely offset by these losses. 64 Simulations of countries that reduce mobile taxes estimate that overall tax revenue returns to original levels within two to six years depending on factors such as elasticity. 65 Governments also enact high tariffs on business-use ICT goods in the mostly vain pursuit of protecting domestic industries. As described above, however, high tariffs raise costs for ICT users. For example, Kaushik and Singh found that for every $1 of tariffs India imposed on imported ICT products, India suffered an economic loss of $1.30 because of lower productivity. 66 These issues are compounded as world trade in intermediate goods grows: intermediate goods are now estimated to make up 60 percent of total international trade. 67 Thus, when businesses face extra costs for importing goods, this gets reflected in their subsequent export price-hurting their competitive position. In other words, the entire idea behind tariffs is based on an outdated model for growing an economy. Countries with high tariffs are simply getting left out of the global ICT production system. 68 Countries with high ICT tariffs are simply getting left out of the global production system.
BETTER POLICIES
While there are plenty of important and valid uses for tax revenues, ICT is the wrong place to look for those revenues, akin to taxing goods and services like education and newspapers. ICT boosts economic growth, so taxing ICT slows adoption and thus growth. Slower growth not only means less growth in income for citizens, by extension it also means less growth in tax revenues for governments themselves.
Eliminate Discriminatory Taxes on ICT Goods and Services
Despite the variety of possible fiscal models, the guiding principle for nations should be straightforward: avoid policies that add discriminatory cost increases to ICT goods and services for either consumers or businesses. This does not necessarily mean that ICT goods and services should be tax free-although some countries have happily begun moving in this direction-just that they should be taxed no higher than other goods and services so as to avoid market distortions. It does mean that they should be tariff free since these are by definition almost always discriminatory.
The policy behind eliminating discriminatory taxes and tariffs may be simple, but reforms will be hard to achieve unless policymakers fully understand the costs of their policies. Government-imposed costs on such a key input to production (from both businesses and consumers) reduce adoption rates. Countries with lower levels of ICT use tend to have significantly higher price elasticity for ICT products, so it is particularly important for developing countries not to add discriminatory costs on ICT goods and services.
Unfortunately, policymakers have not always received the best advice. The International Monetary Fund (IMF), which advises countries on fiscal policy, has recently advocated taxes on telecommunications services and telecommunications businesses in several countries, including the Philippines and the Bahamas. 69 The report on the Philippines admits that telecom services have positive network externalities, and that "in the case of taxing mobile telecommunications services, the usual arguments for excise taxation are difficult to justify." It then proceeds to support discriminatory taxes without any real justification. Amazingly, IMF lumps in telecom taxes with "sin" taxes on products like alcohol and tobacco (and also oil), proposing to tax telecom services at a higher rate than the overall VAT so that the government can avoid having to increase taxes on the latter too much. In the case of the Philippines, the IMF justifies such a tax as a way to claw back what the term "monopoly rents" from the incumbent providers. But if incumbents there actually do have monopoly pricing power, adding a tax to their services that consumers pay will do nothing to reduce the carriers' profits; it will reduce consumer use of telecom services. The reports also assert that the price elasticity for the services they recommend taxing is likely low, but present no evidence for this claim. To be fair to the IMF, while they talk about the need for discriminatory telecom taxes, at the end of the day they do formally recommend a study to determine the net economic effects.
Eliminate ICT Tariffs
The ITA is an international agreement to reduce tariffs on ICT goods established in 1996 by 29 nations, which has since expanded to 70 participants. As expected, the countries with the largest consumer price increases due to tariffs, as well as the highest business-use ICT
The guiding principle for nations should be straightforward: avoid policies that add discriminatory cost increases to ICT goods and services for both consumers and businesses.
tariffs, are not signatories to the ITA. The ITA has succeeded in keeping tariffs low for many ICT products. Kiriyama estimates that in 2006 the weighted average of tariffs on ITA goods among ITA members was 10 percentage points to 11 percentage points lower than for trade in non-ITA ICT goods among non-ITA members. 70 Despite its continued role as a cornerstone of ICT trade policy, the ITA is in need of an update for two reasons. First, while the ITA is still gradually gaining members, its reach could be significantly improved by adding more signatory countries. As the world map in Figure 11 makes clear, there are large gaps in coverage, particularly in South America, Africa, and Central Asia. The ITA could reduce tariffs in these regions and spur growth. Second, as ICT evolves into new categories of products, these new products are not covered by the ITA. Thus, ITA coverage naturally erodes over time, and must be renewed by adding those new products. As of 2007 these non-ITA ICT goods were estimated to increase the value of world trade covered by the ITA by 19 percent, from $1.5 to $1.8 trillion. 71 Talks for an expansion round, ITA II, were started several years after the initial agreement. There has recently been another push by a large number of nations to increase product coverage. The initiative has run up against resistance, however, particularly from China, which mistakenly sees tariffs on newer, more advanced technology goods as important for its own industry development. 72 Moreover, some countries have been taking steps backward despite previous commitments. India, for example, announced new 10 percent tariffs on ICT and other goods in its July 2014 budget, even though it is currently a member of the ITA.
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Eliminate Other Policies That Raise ICT Prices While they have not been the focus of this report, policymakers looking to decrease unnecessary additions to ICT prices should be aware of a number of other policies aside from taxes and tariffs. Many of these policies fall under the category of "non-tariff barriers" (NTBs) to trade because they reduce trade flows using indirect means.
NTBs discourage trade by biasing markets toward local products in a number of ways. 74 Government local procurement rules unfairly advantage local producers and allow them to charge higher prices than international competition might otherwise require. Forced offsets similarly mandate local production, in this case from foreign firms fulfilling government contracts. Governments may also withhold local market access unless companies produce locally. These policies raise costs because if it were cheaper to manufacture locally, companies would already be doing so.
There are also NTBs targeted specifically at the ICT sector. Local data storage requirements have recently been gaining momentum. Such requirements raise ICT costs not only by forcing companies to locate servers in locations that may not be the most cost effective-they also force companies to operate at sub-optimal economies of scale.
Countries may also raise ICT prices or block ICT access altogether with policies that have less to do with opportunism and more to do with simple over-regulation. In new technology sectors, regulatory barriers to ICT sales or use, such as wireless compliance standards or restrictions on refurbished ICT products, are not uncommon and can slow or prevent ICT adoption by making the import or distribution process too onerous. Countries should therefore strive to streamline or eliminate onerous regulatory or certification processes for new ICT products, particularly when these diverge from international norms.
While countries should recognize that dismantling NTBs is in their own self-interest, international coordination is also needed to tackle NTBs. International trade agreements like the ITA are necessary to establish and maintain commitments, as well as provide adjudication procedures and real incentives for reducing NTBs.
CONCLUSION
At least 31 nations have implemented combined tax and tariff rates on ICT goods and services over 5 percent. These higher costs slow ICT adoption and, by extension, economic growth. While ICT may provide an easy short-term revenue boost for some governments, slowing ICT adoption hurts the most vulnerable-marginal consumers or businesses that can't afford the new technology-and reduces overall growth rates and therefore tax revenue. Governments that have targeted ICT goods and services for extra tax income need to see these myopic policies for what they are, and make a concerted effort to eliminate these specific taxes to enable their countries to reap the benefits of information and communications technology.  base plus extra consumer taxes on wireless broadband and wireless voice/text services.
o Consumer products taxes is simply the base plus extra tax rates for consumer products.
 Note: since extra taxes in this sector are applied primarily to the telecommunications sector, the extra tax rate is adjusted downward by the percentage expenditure on telecommunications equipment out of total consumer spending on telecom equipment, computers, and audio and photographic equipment.
Where expenditure ratios were unavailable, telecom expenditure was assumed to account for one half of total expenditure.
o Consumer product tariffs are based on a weighted average of tariffs on consumer-oriented ICT categories selected from the UNCTAD ICT definition. The business-use ICT tariff index is constructed similarly, however taxes on goods and services are weighted 2:1 towards goods, and the tariff rates are a weighted average of all tariffs on business-use ICT products.
The high and low elasticity estimates are simply taken from the highest and lowest elasticity estimates from Katz and Berry, and Deloitte and GSMA. 76 Mid-range estimates are the weighted average of the high and low estimates, weighting the low estimate at three times the high rate.
Economic growth estimates are from Cave and Mfuh 2011 and Qiang, Rossotto, and Kimura 2009. A mid-range estimate of 0.07 percent change in GDP growth rate per 1 percent change in penetration rate was chosen based on a range of estimates for ICT technologies, principally telecommunications.
Assumptions and additional method notes:
 As a breakdown of tax rate data and expenditure/use was not reliably available for every possible type of good or service, specific tax rates were sometimes assumed to cover the entire sector expenditure (e.g., Tanzania's "airtime tax" is assumed to include data services as well as voice).

Expenditure data is taken from the Euromonitor 2013 Report. 77 Consumer services expenditure is taken from the telecom services category, while consumer products expenditure is the sum of the "telecommunications products" and "audio-visual, photographic, and information processing equipment" categories.
All ICT goods are assumed to be imports. All numbers expressed as a percent of cost. For taxes, the base rate is the standard or average VAT or sales tax rate for the country. Extra rates are ICT-specific rates.
* US wireless taxes total 17.05 percent at the combined local, state, and federal levels. Unlike most other countries, the United States does not have a sales tax for services, so the "extra" rate was only counted on the percentage over and above the rate for the average state sales tax rate (9.4 percent).
